Ca2+ inhibition of beta-adrenergic receptor- and forskolin-stimulated cAMP accumulation in C6-2B rat glioma cells is independent of protein kinase C.
In C6-2B rat glioma cells, agonist-stimulated cAMP accumulation is potently inhibited after the stimulation of endogenous bradykinin receptors or stably transfected substance K receptors, coupled to phosphatidylinositol hydrolysis. In the present report, pharmacological tools were used to selectively stimulate either protein kinase C or Ca2+, the two final effectors activated upon phosphatidylinositol hydrolysis, and their role in the inhibition of the C6-2B cell cAMP signaling pathway was investigated. Activation of protein kinase C by an acute treatment with phorbol 12-myristate 13-acetate or L-alpha-1-oleoyl-2-acetyl-sn-3-glycerol did not reduce, but rather enhanced, the cAMP accumulation elicited by forskolin, a direct activator of adenylyl cyclase [ATP pyrophosphate-lyase (cyclizing), EC 4.6.1.1]. This effect was antagonized by the protein kinase inhibitor H-7 and mimicked by the protein phosphatase inhibitor okadaic acid. Thapsigargin, a selective microsomal Ca(2+)-ATPase inhibitor, evoked a sustained increase in the intracellular free Ca2+ concentration, with an EC50 of 24.8 +/- 4.3 nM, and inhibited the cAMP accumulation induced by the beta-adrenergic receptor agonist isoproterenol with comparable potency (IC50 = 19.3 +/- 0.2 nM), strongly suggesting a causal relationship between the two phenomena. The inhibition by thapsigargin of isoproterenol- or forskolin-stimulated cAMP accumulation was not affected by pertussis toxin or down-regulation or inhibition of protein kinase C. Dantrolene, a blocker of Ca2+ release from intracellular stores, antagonized 1) the Ca2+ transient in response to thapsigargin and substance K and 2) the inhibitory effect of these compounds on isoproterenol- or forskolin-induced cAMP accumulation. Moreover, sequestration of intracellular Ca2+ with the cell-permeable Ca2+ chelator ethylene glycol bis(beta-aminoethyl ether)-N,N,N',N'-tetraacetic acid acetoxymethyl ester abolished the cAMP inhibition mediated by thapsigargin. Finally, isoproterenol- or forskolin-stimulated adenylyl cyclase activity in digitonin-permeabilized cells was not affected by either thapsigargin or substance K. These data provide compelling evidence that increases in intracellular free Ca2+ concentration without activation of protein kinase C suffice and are responsible for the inhibition of cAMP accumulation in C6-2B cells.